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The genetic variability of the human herpesvirus 8 (HHV-8) strains circulating in the populations living in the Maghreb region, an endemic
area for HHV-8 and associated Kaposi's sarcoma, remains largely unknown. We have thus analyzed the genetic variation of the complete K1 gene
of HHV-8 in a series of 35 viral strains, originating from 28 Moroccan patients with classic, AIDS-associated or iatrogenic Kaposi's sarcoma
lesions. All but one of the 35 strains belonged to the large C molecular subtype. Furthermore, high genetic diversity within the C subtype was
observed in the 35 sequenced HHV-8 K1 genes, with strains belonging to several and distinct subgroups highly supported from a phylogenetically
viewpoint (e.g., C3, C7, C″ and C5). Considering these newly identified Moroccan viral strains in the context of 189 complete K1 genes, we were
able to characterized, using the Simplot program, two main groups of recombinant chimeric K1 genes, either intertypic (C5) or intratypic (C7). In
addition, the genetic characterization of the host maternal gene pool, through the analyses of mtDNA variation, did not provide evidence for any
association between a particular human ethno-geographic background (i.e., North African vs. sub-Saharan African vs. West Eurasian linages) and
any HHV-8 strain because both C′ and C″ strains were randomly distributed among the different patients' population backgrounds.
© 2006 Elsevier Inc. All rights reserved.Keywords: Oncogenic herpesviruses; Human herpesvirus 8; K1 gene; Genetic variability; Kaposi's sarcoma; Molecular epidemiology; Recombinant; MoroccoIntroduction
Human herpesvirus 8 (HHV-8), also known as Kaposi's
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doi:10.1016/j.virol.2006.04.026Kaposi's sarcoma (KS) (Chang et al., 1994). This virus is now
considered as the etiological agent of all clinico-epidemiolog-
ical forms of KS (Boshoff et al., 1995; Chuck et al., 1996;
Dupin et al., 1995; Huang et al., 1995; Moore and Chang, 1995,
2001; Whitby et al., 1995), a tumor of mixed cellularity, and
frequently occurring during HIV-1 infection (epidemic KS,
AIDS-KS) or in transplant recipients (iatrogenic KS, I-KS).
More rarely, such tumor occurs among non-HIV-infected
individuals, either predominantly in aged men of Mediterranean
and Middle East origin (classic KS, C-KS) or in inhabitants
from East and Central Africa (endemic KS, E-KS) (Beral, 1991;
122 R. Duprez et al. / Virology 353 (2006) 121–132Hengge et al., 2002). Furthermore, HHV-8 has been also clearly
associated with primary effusion lymphoma (Cesarman et al.,
1995; Nador et al., 1996) and with some aggressive cases of
multicentric Castleman's disease (Gessain et al., 1996; Soulieret al., 1995), as well as some other rare associated lymphomas
(Chadburn et al., 2004).
Epidemiological surveys indicated that HHV-8 was not a
widespread ubiquitous virus but that its presence was mainly
123R. Duprez et al. / Virology 353 (2006) 121–132restricted to areas of high endemicity for classic or endemic
forms of KS (Boshoff and Weiss, 2001; de-The et al., 1999;
Dukers and Rezza, 2003; Gessain et al., 1999; Mbulaiteye et al.,
2003; Plancoulaine et al., 2004; Schulz, 1998).
Initial studies conducted on the genetic variability and
polymorphism of HHV-8 focused on 2 small gene fragments
of the ORF 26 (minor capsid gene) and ORF 75 (tegument
region gene) from KS specimens and demonstrated the
existence of 3 distinct molecular patterns with however a
very low overall nucleotide variability (<5%) among these 3
genotypes (Alagiozoglou et al., 2000; Fouchard et al., 2000;
Kasolo et al., 1998; Zong et al., 1997). Molecular epidemi-
ological studies exploiting the significantly higher genetic
variability of the K1 gene were more recently published
(Biggar et al., 2000; Cook et al., 1999; Kadyrova et al., 2003;
Kakoola et al., 2001; Kasolo et al., 1998; Kazanji et al., 2005;
Lacoste et al., 2000a, 2000b; Meng et al., 1999, 2001;
Nicholas et al., 1998; Whitby et al., 2004; Zong et al., 1999,
2002). These studies identified five K1 subtypes (called A, B,
C, D and E), which exhibit, at least for most of them, a clear
geographic clustering. Thus, HHV-8 B strains predominate in
Africa and are phylogenetically more distant from groups A
and C (which are found in Europe and the European-descent
populations from the US) than A and C from each other,
whereas the few subtype D strains are restricted to Pacific
populations. The last molecular clade (subtype E) comprises
only few related divergent strains, all found in remote
populations of Amerindians from Brazil, the French Guiana
and Ecuador.
Several countries of the Mediterranean basin are endemic
for HHV-8 and classic Kaposi's sarcoma. Studies on the K1
genetic variability mainly concern Italy, Greece, Israel and
even Saudi Arabia (Cook et al., 1999; Davidovici et al.,
2001; Poole et al., 1999; Zong et al., 2002). However, data
on the Maghreb region, considered also as a high endemic
area for KS (Hbid et al., 2005; Mseddi et al., 2005), remain
scarce or even lacking. Indeed, to our knowledge, only one
study (Davidovici et al., 2001), which reported epidemio-
logical and molecular data on HHV-8 and KS from Jewish
populations of different origin, provided some features on
the K1 genetic variability of few patients with KS
originating from the Maghreb.
Presence of HHV-8 recombinant genomes have been
previously reported including some chimeric K1 gene (Cook
et al., 1999; Zong et al., 2002), but only few data are available
on their characterization including especially the site of
recombination in the two parental strains.
The goals of the present molecular epidemiological study
were to gain new insights into the genetic variability andFig. 1. Phylogenetic analysis of K1 nucleotide sequences. Phylogenetic comparison w
K1 gene of 189HHV-8 isolates including, in red, the 35 new complete K1 sequences ge
using GTRmodel (I = 0.1448, G = 0.7207). Horizontal branch lengths are drawn to sca
node indicate the percentage of bootstrap samples (of 1000) in which the cluster to t
indicate subtypes, groups and subgroups. D subtype was used as the outgroup. A, B, C
C2, C3, C5 andC7 to subgroupswithin the subtypes described by Zong et al. (1999). T
based on the (nearly) entire extra-cellular K1 domain (aa 28–238). Not all samples h
colour in this figure legend, the reader is referred to the web version of this article.)evolution of HHV-8 in the Maghreb region, focusing our
study in Morocco. This Northwest African country, whose
current population is made of two main ethnic groups (i.e.,
Arab and Berber-speaking population), is an endemic area
for classical KS and HHV-8 (Hbid et al., 2005). To achieve
these goals, we specifically focused our work on the
following:
(1) The study of the complete K1 gene sequence and the
genotyping of the K14.1 locus of HHV-8 viral isolates
from a series of Moroccan patients suffering from
different KS types including classic, AIDS-associated or
post-transplant types.
(2) The search and characterization of possible viral recom-
binant forms of the K1 region in such HHV-8.
(3) The description of the population genetic background of
the patients' cohort by analyzing genetic variation in the
maternally inherited mitochondrial DNA (mtDNA).
Results
Epidemiological and clinical aspects of the patients
High molecular weight DNA was obtained from the 35
skin biopsies, originating from 28 different Moroccan
patients with a KS (Table 1). Amplification of the K1
gene was successful for the 35 DNA samples and the
complete K1 sequence (870bp) was then obtained from all
the studied specimens, after cloning and sequencing. The
main clinical and epidemiological features (age, sex and
type of KS) of the 28 patients as well as the results of the
K1 gene sequencing and of the K14.1 genotyping are listed
in Table 1. This series included 17 patients (14 men and 3
women) with a C-KS (mean age: 64 years, range 23–92),
10 patients (5 men and 5 women) with an AIDS-KS (mean
age: 37 years, range 29–45) and one man, of 41 years old,
with an I-KS. In five cases, two biopsies were performed at
two different sites in the same patient (Table 1). The great
majority of the patients were considered (by the clinicians in
charge of them), as of Arab origin and none was of
European or sub-Saharan African origin.
K1 genetic variability
Overall variability
Among the 35 sequences obtained, 28 were unique and
different one from the other. Concerning the remaining 7
sequences, in one case, 3 sequences (D11/D6/D16) were found
identical whereas the 4 others formed two pairs of identicalas performed on 867-bp fragments corresponding to the best alignment of entire
nerated in this work. The phylogenywas derived by the neighbor-joiningmethod
le, with the bar indicating 0.02 nucleotide replacement per site. Numbers on each
he right is supported. Only bootstrap values of ≥75 are given. Bars on the right
and D correspond to 4 of the 5 HHV-8 subtypes and A1, A2, A3, A4, A5, and C1,
heA′, Aʺ, C′ andCʺ grouping reflects the Cook et al. (1999) classification scheme
ave been labeled due to space constraints. (For interpretation of the references to
Table 1
Main clinical and epidemiological features of the patients with Kaposi's
sarcoma analyzed in this study
Case Age Gender KS form K1 K14.1 Accession no.
D1 23 M Classic C7 P DQ394034
D2 65 F Classic C3 P DQ394035
D3 72 M Classic C3 P DQ394036
D4-1 65 F Classic C5 P DQ394037
D4-2 C5 P DQ394038
D5-1 92 M Classic C3 P DQ394039
D5-2 C3 P DQ394040
D6 58 M Classic C7 P DQ394041
D11 60 M Classic C7 P DQ394046
D7 56 M Classic C3 P DQ394042
D14-1 C3 P DQ394049
D14-2 C3 P DQ394050
D9 59 M Classic C7 – DQ394043
D10-1 63 M Classic C3 P DQ394044
D10-2 C3 P DQ394045
D12 67 M Classic C3 P DQ394047
D13 73 M Classic C2 M DQ394048
D15 60 M Classic C3 P DQ394051
D16 63 M Classic C7 P DQ394052
D17 80 M Classic C3 P DQ394053
D18 58 M Classic C7 P DQ394054
D19 70 F Classic C1 P DQ394055
D20 60 M Classic C7 P DQ394056
I1 31 F Epidemic A M DQ394057
I4 34 M Epidemic C2 P DQ394058
I6 37 M Epidemic C3 P DQ394059
I7 31 F Epidemic* C3 P DQ394060
I8-1 34 F Epidemic C7 P DQ394061
I8-2 C7 P DQ394062
I9 29 F Epidemic C3 P DQ394063
I10 45 M Epidemic C5 P DQ394064
I11 38 M Epidemic* C7 – DQ394065
I12 44 M Epidemic C2 P DQ394066
I13 42 F Epidemic C2 P DQ394067
N1 41 M Iatrogenic C5 P DQ394068
Specimen identification, age, gender, type of Kaposi's sarcoma (KS) and results
of the molecular typing of K1 and K14.1 loci for the 35 studied samples are
presented. D7/D14 and D6/D11 samples originated each from the same patient
at a different time. Curly brace indicates samples originating from the same
patient. K1 sequences were determined by sequencing of the complete gene.
Groups within C subtype are based on the classification of Cook et al. (1999)
and Zong et al. (2002). The K14.1 M or P subtype was determined by a PCR
assay as described in Materials and methods. “–” indicates that there was no
amplification product. “*” indicates a pathologically uninvolved skin biopsy
(absence of detectable spindle cells) of an AIDS-KS patient.
f
f
f
f
f
f
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tained fromDNAs from different biopsy sites of the same patient
(D4-1/D4-2, D5-1/D5-2, D6/D11, D7/D14-1/D14-2 and 18-1/
18-2) exhibited between themselves less than 5 nucleotide
differences (more than 99.4% of nucleotide similarity). Over-
all, the 35 new sequences exhibited among themselves from 0%
to 6.5% (I12 vs. N1) nucleotide divergence and from 0%
to 14.4% (I8-2 vs. N1) amino acid divergence among pairwise
comparisons.
Phylogenetic studies
Because tree-building algorithms rely on different
assumptions, we used two different methods – neighbor
joining (NJ) and maximum parsimony (MP) – to increasethe robustness of the derived tree topologies. Furthermore,
nucleotide and amino acid phylogenetic analyses were
performed using two slightly different sets of sequences.
The first one comprised the great majority of the complete
K1 nucleotide sequences (around 870 bp) available in
GenBank. The second set comprised the same translated
sequences plus few others (as SKS1, SKS2, BCP1, OKS3,
etc.), representing different prototype strains, which are only
available in a published paper (Zong et al., 1999) but not in
GenBank.
The four previously described main molecular subtypes
(A, B, C and D) were clearly identified on the basis of both
the consistent topology exhibited by the NJ (Fig. 1) and MP
(data not shown) and the high bootstrap values obtained.
Furthermore, some of the main molecular subgroups of
strains previously individualized within A and C molecular
subtypes by Zong et al. (2002) and Cook et al. (1999) were
also identified in our study (e.g., A′, C″, C5, A5 clusters).
However, this was not the case for several of the previously
identified subgroups within the A subtype (with the
exception of the A5), which did not form monophyletic
groups and/or were not supported by high bootstrap values
in both NJ and MP methods (Fig. 1). Interestingly enough,
the C5 subgroup was observed to cluster in an intermediate
position between A and C subtypes (Figs. 1 and 2).
Among the 35 entire K1 new sequences obtained in this
study, all but one (I1 strain) were located in the C subtype.
This unique non-C strain, originating from an AIDS-KS
patient, belonged to the A subtype and was closely related
to some strains from Russian patients with KS (K1/E24 and
K1/E32) (Fig. 1). The remaining 34 sequences clustered in
4 different clades of the C subtype (Fig. 1). Thus, four
sequences (N1, D4-1, D4-2 and I10) clearly belonged to the
“intermediate” C5 subtype. Fifteen other new sequences (12
from C-KS and 3 from E-KS) were located within a large
cluster, comprising the BC2 prototype, and part of the C3
subgroup (C′). Four other new sequences (D13, I4, I12 and
I13) clustered with EKS1/2 in the C2 subgroup whereas the
D19 strain clustered with ASM72 in the C1 subgroup. The
C1 and C2 were both clearly located in the highly
supported C″ cluster. Interestingly, 10 new sequences
clustered with BBG-1 sequence and few others and formed
a highly supported monophyletic cluster. As BBG-1 was
proposed as the single C7 variant (Zong et al., 2002), we
named this large monophyletic cluster the subtype C7 (Figs.
1 and 2). Subtype-associated diseases (E-KS versus C-KS)
was not observed within the C subtype of K1 gene in this
study.
Existence of recombination events in K1 gene
The intermediate position of the C5 cluster observed in
both of our analyses together with the fact that SKS9, a C5
strain located in this cluster has been considered as a
recombinant in a previous study (Zong et al., 2002) prompted
us to study all remaining C5 sequences. Thus, in order to
determine the C5 parental origin, we used the Simplot
software and the boot-scanning method, in which the
Fig. 2. Phylogenetic analysis of K1 amino acid sequences. Phylogenetic tree was performed on 283 amino acid long K1 sequences by the neighbor-joining method
using distances calculated with Kimura two-parameter method. This tree focuses in the amino acid sequences from the C group. The new Moroccan sequences are
shown in red. The sequences available from GenBank and originating from patients of the Middle East and North Africa are shown in green. Horizontal branch lengths
are drawn to scale, with the bar indicating 0.02 amino acid replacement per site. Numbers on each node indicate the percentage of bootstrap samples (of 1000) in which
the cluster to the right is supported. Only bootstrap values of ≥70 are given. Bars on the right indicate subtypes, groups and subgroups. C1, C2, C3, C5 and C7
subgroups are defined by Zong et al. (1999). The C′ and C″ grouping reflects the Cook et al. (1999) classification scheme based on the (nearly) entire extracellular K1
domain (aa 28–238). Not all samples have been labeled due to space constraints. (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)
125R. Duprez et al. / Virology 353 (2006) 121–132phylogenetic relationship of the sequences is calculated using
bootstrap resampling. As seen in Fig. 3, the C5 cluster would
result from a recombination event between an A3 (A″) strainand a C3 (C′) strain at a nucleotide position located around
330 of the K1 gene. In order to confirm that the 2 studied
fragments can be used to reconstruct a phylogenetic tree,
Fig. 3. Analyzes of recombinant events of the C5 group. (A) C5 subgroup was compared with the Simplot programwith different groups (C′, C″, A′, A3, A5, B and D).
The analysis used a 250-bp long window and a step of 20-bp long. The x values reflect the genome position at the midpoint of the analyze windows and the y values
reflect the bootstrap value calculated from the windows. The vertical bar and the number indicate the site of probable recombination event. VR1 and VR2 regions are
indicated. Triangles correspond to likelihood mapping results for each alignment fragment. As the central areas include less than 20% of quartets, we considered that
each alignment fragment is reliable for phylogenetic inference. (B/C) Phylogenetic trees corresponding to the first 330 nucleotides and the 537 last nucleotides,
respectively. The technique is the same that for Fig. 1. The query group has been colored in blue. The 2 other groups of interest are colored with the same code used on
the Simplot output (A). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
126 R. Duprez et al. / Virology 353 (2006) 121–132evolutionary information contained in each data set was
estimated by maximum likelihood; as the likelihood mapping
showed less than 20% of dots in the central area, separate
phylogenetic analyses of the 2 fragments (1–330 and 331–
867) was performed and these analyzes verified; indeed, the
clustering of the C5 subgroup with A3 (A″) and C3 (C′)
(Figs. 3B and C).
Similarly, because of its possible “intermediate” position, the
C7 cluster, containing many new Moroccan strains, was also
analyzed using the same methodology. The Simplot software
allowed us to determine that all the strains of this cluster result
from a recombinant event, which occurred between a C3 (C′)
strain and a C1/C2 (C″) strain, at a nucleotide position located
around 585 of the K1 gene (at the beginning of the VR2 region)
(Fig. 4).
Regions of variations and functional relevance
The K1 genes of all the 35 studied strains were very
conserved in the N-terminal region, with the predicted signal
peptide sequence, and in the C-terminal region, including the
predicted hydrophobic transmembrane domain and the small
cytoplasmic domain. In contrast, the central region, containing
the predicted extracellular domain, was more variable with, as
previously shown, two hypervariable domains, aa 51–92
(VR1) and aa 191–228 (VR2). The cystein residues were
highly conserved with only sporadic mutations in two strains(I12 and I13). In contrast, some of the 9 predicted N-linked
glycosylation sites (NXS/NXT) presented slightly more
variability. The ITAM motif, implicated in intracellular
pathways leading to proliferation, appeared to be highly
conserved between all sequences, except in I1/N1. A specific
deletion of 5 aa (positions 201–205) was found in all the C
subtype strains as compared to the sole A strain (I1). A
deletion of 9 aa (positions 200–201 and 206–213), as
compared to all the other C strains, occurred in two sequences
(I10 and N1). In addition, an insertion of one aa, at nucleotide
position 65 (already observed in some strains (Lacoste et al.,
2000a, 2000b), was present in the sequence I1.
Subtype characterization of the K14.1 gene
Molecular subtype characterization of the right hand side of
the HHV-8 genome, which comprises the K14.1 and K15 genes,
was determined for 33 of the 35 samples. The large majority of
samples (31/33) gave a 362-bp PCR product specific of the P
subtype (Table 1). In 2 cases, no amplification product was
obtained in our PCR studies suggesting a low viral load in these
2 samples.
Genetic affinities of the studied human population
The sequence of the hypervariable region I (HVS-I) of
the human mtDNA allowed us to infer the broad geographic
Fig. 3 (continued).
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into the maternal genetic composition of the population
under study. The human mtDNA gene pool of the 25
Moroccan studied samples, for which sufficient DNA was
available after HHV-8 analyzes, is constituted of three major
lineage-clusters of different geographic origins (i.e., West
Eurasian, North African and sub-Saharan African) present at
varying frequencies. The West Eurasian component, which
encompasses lineages typically observed in the Middle East,
Europe and North Africa, was mainly represented by
lineages within the R macro-haplogroup and amounted to
68%. The sub-Saharan African fraction reached an overall
frequency of 24% and was represented by the characteristic
haplogroups L1 and L2 as well as L3–L3b. Finally, the
autochthonous North African component represented by
haplogroup U6, which is thought to have originated in
North Africa ∼40,000 years ago (Macaulay et al., 1999),
was observed at a frequency of 8%.Discussion
In this report, we have analyzed the genetic variation and
polymorphism of the complete K1 gene of HHV-8 of a series of
35 viral strains, originating from 28 Moroccan patients with
classic, AIDS-associated or iatrogenic Kaposi's sarcoma
lesions. Morocco is a country of Northwest Africa and, together
with Algeria and Tunisia, belongs to the Maghreb region. This
geographic region is considered as an endemic area for HHV-
8 and classic Kaposi's sarcoma. However, the few reports on
such a topic in this region mainly concern series of clinical and/
or pathological description of KS (Ben Tekaya et al., 2001;
Benslimane et al., 1987; Chadli et al., 1976; Chakib et al., 2003;
Kassimi et al., 2003; Mseddi et al., 2005; Ravisse, 1984). Thus,
the genetic variability of the HHV-8 strains circulating in the
populations of Maghreb remains largely unknown.
In our work, based on the complete sequence of the K1
gene of HHV-8, we have shown that all but one of the 35
Fig. 4. Analysis of recombinant events of the C7 group. C7 subgroup was compared with the Simplot programwith different groups (C′, C″, A′, A3, A5, B and D). The
analysis used a 250-bp long window and a step of 20-bp long. The x values reflect the genome position at the midpoint of the analyze windows and the y values reflect
the bootstrap value calculated from the windows. The vertical bar and the number indicate the site of probable recombination event. Triangles correspond to likelihood
mapping results for each alignment fragment.
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we have also demonstrated that there exist a large genetic
diversity of these viruses within the C subtype with strains
belonging to several and distinct subgroups highly supported
phylogenetically. Indeed, at least 4 distinct clusters (C3, C7,
C″ and C5) contain some new strains from our Moroccan
series. The unique non-C strain of our series originates from
an AIDS-KS patient and belongs to the A subtype (group A').
This strain is closely related to some HHV-8 strains from
Russian patients with KS (Lacoste et al., 2000b). Lastly, our
results as well as previously reported data from different
geographical HHV-8 endemic areas have failed to observe
any association of a specific viral subgroup with a specific
form of KS (classic or AIDS associated) (Lacoste et al.,
2000b; Zong et al., 2002).
In the Davidovici et al. (2001) work, 12 HHV-8 strains from
KS patients living in Israel (of Sephardi Jewish origin) but
originating from Morocco, Algeria, Tunisia and Egypt were
analyzed and all but two were found to be of the molecular
subtype C. The two others belong to the A group. Unfortu-
nately, these 12 partial K1 sequences are not available in
GenBank making impossible a precise comparison with our
findings. However, visual comparative analyses of published
phylogenetic trees comprising these sequences (Davidovici et
al., 2001; Zong et al., 2002) raise the possibility that some of
them may be very related to some strains reported in the present
study.Based in part on the findings of some C″ (mainly C2)
viruses among North African Sephardi Jews together with the
observation that most of the sequences originating from Saudi
Arabian patients belong to the C″ group (also mainly C2),
Zong et al. hypothesized that C″ strains may be more ancient
branches than the C′ viruses. They thus suggested that
possibly the C″ branch arose first in the Middle Eastern/North
African area, whereas the more recent C′ strains might be
representative of European and North Asian migrations (Zong
et al., 2002). In our study, if we consider that C7 subgroup
belongs to C″ group as suggested by Zong et al., we found
approximately half of the Moroccan sequences as belonging to
the C″ group whereas the other half as belonging to the C′
group. Several human population genetics studies have shown
that the present-day Moroccan population has mainly
originated from two major ethnic components, including
Arab and Berber populations. It was thus tempting to
hypothesize that most of the C″ strain presence may witness
the Arabic/Middle Easter influence in North Africa whereas
most of the C′ stain may testify the more autochthonous
Berber component. In this context, it has been unequivocally
shown a genetic link between Berber and European popula-
tions that is attributable to European hunter–gatherers
populations who, in the end of the last glacial period 15,000
years ago, moved towards the south and, by crossing the Strait
of Gibraltar, contributed to the modern North African gene
pool (Achilli et al., 2005).
129R. Duprez et al. / Virology 353 (2006) 121–132The mosaic picture of different ethno-geographic components
observed in the maternal gene pool (represented by mtDNA
variation) of our samples perfectly matches the lineage–cluster
frequencies previously reported in Arab and Berber populations
from Northwest Africa (Brakez et al., 2001; Cherni et al., 2005;
Fadhlaoui-Zid et al., 2004). Most of these studies, based on
mtDNA diversity, point to present-day North African populations
as (i) exhibiting a small fraction of a North African lineage who
developed in situ (i.e., the U6 haplogroup); (ii) sharing a common
genetic stock with West Eurasians (including the Middle
Easterners); and (iii) having incorporated sub-Saharan African
lineages via trans-Saharan gene flow. Thus, our data showed that
thematernal gene pool of theMoroccan population here studied is
in perfect agreement with the expected haplogroup diversity in
North Africa. Therefore, this observation excludes particular
demographic events (i.e., bottleneck, genetic isolation, etc.)
having shaped the genetic diversity of our cohort. In addition, our
results do not provide evidence for any association between a
particular maternal host genetic background (i.e., North African
vs. sub-Saharan African vs. West Eurasian lineages) and any
HHV-8 strain because both the C′ and C″ strains are randomly
distributed among the different patients' population backgrounds.
Furthermore, it is interesting to note the absence, in our series, of
HHV-8 strains of the B subtype (which are restricted to sub-
Saharan Africa) as well as among the 12 strains above quoted.
This observation is surprising in light of the well-documented and
ancient interactions between North African and sub-Saharan
African populations, the latter being a very high endemic area for
HHV-8 infection (Plancoulaine et al., 2004; Rezza et al., 2001).
Thus, the absence of HHV-8 strains of the B subtype in our
population sample is in strong contrast with the genetic
architecture of the host's population, which exhibits a strong
sub-Saharan African maternal component, as attested by the
24% presence of lineages that ultimately find their origins
southwards of the Sahara Dessert. The observed contrast is of
interest in view of the somehow “analogous” mode of trans-
mission, at least in part, of the HHV-8 (mainly mother to child
and between sibs) and the mtDNA (mother to offspring). These
results suggests therefore that the sub-SaharanAfrican gene flow
currently observed in Moroccan populations was not accompa-
nied by a concomitant transmission of HHV-8 B subtypes and
highlights a more complex dynamics of host-pathogen co-
dispersals and transmission.
In our study, we have also characterized some recombinant
chimeric K1 genes. The first group consists of the C5 strains
and the second group comprises all the C7 strains. The presence
of chimeric K1 gene is not without precedent as, at least two
teams, have previously demonstrated the presence of some
recombinant strains in this genomic region (Cook et al., 1999;
Zong et al., 2002). Zong et al. have thus suggested that C6 and
C4 groups were chimeric K1 genes with recombination
occurring between the A and C branches for the former or
between C″ and C′ branches for the latter. Cook et al. have also
suggested that the sequences of their C″ subgroup possessed a
membrane proximal region (VR2) related to the group A
isolates. However, they considered that these C″ sequences are
not true A/C recombinant but rather favored an independentevolutive selection of these groups of isolates. The conclusions
of both these studies were mainly based on sequence
comparison and separate phylogenetic analyses.
Here, we have also used systematically a boot scanning
with the Simplot program to search and characterize possible
recombinants in the series of the 35 novel Moroccan HHV-
8 strains in a context of 189 complete K1 genes. This allows us
to better define the two parental strains of the chimeric K1
genes and gain new insights into the precise site of
recombination. Thus, using such analysis, the C5 group,
which comprises now 5 sequences (the SKS9 strain and 4 new
ones generated in this study), appears to be a true recombinant
between two parental strains (an A3 and a C3), with the best
estimation of the recombination site located around nucleotide
position 330 of the protein. It is interesting to note that Zong et
al. rather considered that SKS9 strain (the only C5 strain that
was available at the time of their work) was a genuine
evolutionary intermediate between A and C subgroups. Using
the same analysis, it was also clear that all the C7 strains
originated from two different parental strains (C3 and C1/C2).
Concerning the C6 and C4 strains, defined as chimeric K1
gene by Zong et al. (2002). It was impossible to uses such
program because these sequences are unfortunately not
available in GenBank.
The presence of intertypic and intratypic recombinant
genomes assumes dual infection in at least a single host
(Beyari et al., 2003). The modes and timing of such
recombinant events remain largely unknown and should be
determined by further studies using especially novel method-
ological approaches.
This study emphasizes also that the current classification of
HHV-8 strains should still considered as temporary and most
probably will be modified with the description of new strains
from different geographical areas. Thus, as an example, the K1-
43/Ber strain initially described either as a possible recombinant
or a genuine specific evolutionary strain may be now considered
as the prototype strain of the new F type recently described
(Kajumbula et al., 2006). Furthermore, as already suggested by
Cook et al. (1999) and Lacoste et al. (2000b), consensus on the
criteria used to define a subtype and a subgroup is absolutely
required.
Lastly, we consider that studies combining both viral
phylogeny and human genetics will permit to gain new insights
into the origin, evolution and modes of dissemination of this
peculiar human herpes oncovirus but also will open new
avenues of research aiming to provide new insights of human
migrations from a pathogen's perspective (Kajumbula et al.,
2006).
Materials and methods
PatientTs samples
Thirty-five skin biopsies from patients with KS were
included in this study. The main epidemiological features of
the patients, all originating from Morocco, are summarized in
Table 1. In 33 cases, the studied samples corresponded to a
130 R. Duprez et al. / Virology 353 (2006) 121–132tumor biopsy from AIDS-associated, post-transplant or classic
KS patients and in 2 cases (I7 and I11) to clinically tumoral but
pathologically uninvolved (absence of detectable spindle cells),
skin of patients with epidemic KS. For 6 patients (D4, D5, D6/
D11, D7/14, D10 and I8), two biopsies, at different sites, were
obtained. DNA from frozen tumor lesions was extracted as
previously described (Lacoste et al., 2000a). The detailed
clinical history and pathological findings of this series of KS
patients have been previously reported (Hbid et al., 2005).
HHV-8 molecular analysis
K1 gene amplification
For all the DNA extracted from the frozen biopsies, the 870-
bp K1 coding region, from nucleotide positions 105–974, as
numbered according to the strain BC1 (Russo et al., 1996), was
amplified directly by polymerase chain reaction (PCR), using
the Thermo-Start DNA Polymerase (ABgene, Epsom, UK), as a
1073-bp PCR product as previously described (Lacoste et al.,
2000a).
K14.1/K15 genes molecular characterization
Molecular subtype characterization of the right hand side of
the HHV-8 genome was determined as previously described
(Poole et al., 1999). The PCR strategy used a triple primer set of
K14.1 covering the divergent junction of the two subtypes of
K15 genes.
Stringent precautions against PCR contamination were
taken. The amplification mixes were made in a special room
physically separated from the laboratory and at least two
negative controls (mix, water or cellular DNA prepared from
HHV-8-negative samples) were included. PCR cycling condi-
tions, cloning and sequencing were performed as previously
described (Lacoste et al., 2000a).
Phylogenetic analyzes
For the phylogenetic analyses on nucleotide, multiple
sequence alignment was performed with the DAMBE
program (v4.2.13) on the basis of a previous amino acid
alignment created from the original sequences. The final
alignment was submitted to the Modeltest program (v3.6) to
select the best evolutionary model, according to the Akaike
Information Criterion, to apply for the phylogenetic analyses.
The phylogeny was derived by both the neighbor-joining
(NJ) and maximum parsimony (MP) method, performed in
the PAUP program (v4.0b10) and the reliability of the
inferred tree was evaluated by bootstrap analysis on 1000
replicates.
For the analyses on amino acid, alignment was performed
with DAMBE program, Neighbor-joining method was per-
formed in the Phylip 3.63 package with protdist and neighbor
program. The reliability of the inferred tree was evaluated by
bootstrap analysis on 1000 replicates.
The 35 new entire ORF K1 sequences determined herein
have been deposited in the National Center for Biotechnology
Information database. GenBank accession numbers are listed in
Table 1 and are DQ394034 through DQ394068.Recombinant search
The recombinant search was performed by boot scanning
with the Simplot program v3.5.1 (Lole et al., 1999). This pro-
gram compares the cluster of sequences of interest (query) to
several others. Phylogenetic relationships of these clusters are
estimated for successive overlapping subregions (window 250
bp; step 20 bp). For each subregion, the bootstrap value of the
query and the references are calculated and recorded (according
to Kimura 2-parameters model; with 500 replicates). Bootstrap
values are then plotted along the genome on an x/y plot, so that x
values reflect the genome position at the midpoint of the analyze
windows and the y values reflect the bootstrap value calculated
from the windows. We can also determine recombination
breakpoints and verify this by phylogenetic analyses of the 2
fragments.
Evolutionary information contained in each alignment
fragment was confirmed by likelihood-mapping analyses (von
Haeseler and Strimmer, 2003). The method evaluates random
quartets drawn from N sequences and evaluates, for each
quartet, maximum likelihood values for each three possible
trees. The result is plotted inside an equilateral triangle, where
each corner represents a specific tree topology. Seven main
areas in the triangle support different evolutionary information.
The center represents sets where trees are poorly supported,
named starlike area. From the biological standpoint, a
likelihood mapping showing more than 20% of dots in the
starlike area suggests that the data are noisy and therefore not
reliable for phylogenetic inference. The likelihood mapping was
performed with the Tree-Puzzle v5.2 program.
Mitochondrial DNA analyses
Mitochondrial DNA hypervariable region I (HVS-I) was
amplified using the primers L15997 (5′-CACCATTAGCACC-
CAAAGC-3′) and H16401 (5′-TGATTTCCGGAG-
GATGGTG-3′). The amplification products were purified with
the QIAquick PCR purification kit (Qiagen). The sequencing
reaction was carried out using the Big Dye Terminator cycle-
sequencing ready reaction kit (AB Applied Biosystems) and
sequencing products were run in an ABI 377 (AB Applied
Biosystems) automatic sequencer. The nucleotide positions
considered for the analyses were 16024–16383. Haplogroup
assignation was performed using HVRI sequence motifs
(Brakez et al., 2001; Richards et al., 2000; Salas et al., 2002).
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